and stabilizes the ␤-catenin degradation complex. Dpr
three gene products are highly conserved: XDpr is 60% identical over its length to HDPR1 and 55% identical to To identify proteins acting directly upstream or downstream of Dsh in the Wnt pathway, we carried out a MDpr1, whereas the mammalian proteins are over 75% identical to each other. The identity is most striking at yeast two-hybrid screen of a Xenopus maternal cDNA library using as bait the PDZ domain and adjacent sethe carboxy-terminal and amino-terminal ends, with the latter including a putative leucine zipper (LZ) domain. quences of Xenopus Dsh (XDsh). One of the cDNA clones that interacted strongly and specifically with the The carboxy-terminal 28 amino acids are entirely conserved between all three proteins, including the final four bait corresponded to the C-terminal half of a novel proamino acids that constitute a consensus PDZ binding tein ( Figures 1A and 1B) .
( The side chain nitrogen of this residue stabilizes the confocal microscopy ( Figure 3C) Figure 4D , lower panel). However, overexpression of XDpr has no effect on TOPFLASH activation by a point mutant form of ␤-catenin that is unable to undergo phosphorylation-dependent degradation ( Figure 4E ; Yost et al., 1996). These data collectively suggest that XDpr inhibits Wnt/␤-catenin signaling by promoting degradation of ␤-catenin.
PDZ-B) motif (Figure 1B
)
Deletion of Either the PDZ-B Motif or the LZ Domain Diminishes XDpr Activity
Deletions in XDpr of either the carboxy-terminal 4 residues (⌬PDZ-B) or the amino-terminal 129 residues corresponding to the entire putative leucine zipper and 5Ј sequences (⌬LZ) had no effect on either the stability 
(A) Sense controls: gastrula (bottom) and tailbud (top). (B) Early gastrula (stage 10 vegetal view; top, dorsal; dl, dorsal lip). (C) Early neurula (stage 14 dorsal view; top, anterior; ant ne, anterior neurectoderm). (D) Early tailbud (stage 19 dorsal view; top, anterior). (E and F) Tailbud (stage 21; [E], anterior view; [F], lateral view; arrows, neural folds; ey, eye fields; tb, tailbud). (G) Tadpole (stage 41 lateral view; left, anterior). (H) Northern analysis adult
MDpr1 expression: br, brain; hrt, heart; kd, kidney; lvr, liver; lng, lung; ml, muscle; skn, skin; si, small intestine; spn, spleen; stm, stomach; ts, testis; thy, thymus. To confirm and extend these results in an independent XDpr was initially identified in a maternal cDNA library and is expressed maternally by RT-PCR ( Figure 8A , upsystem, we returned to the Xenopus animal cap assay. We first showed that an XDpr morpholino specifically per). To further assess the expression of XDpr during Xenopus development, whole-mount in situ hybridizainhibits translation of XDpr mRNA but not a control RNA in an in vitro translation assay ( Figure 6B ). We then tions were performed. In the early gastrula, XDpr is expressed in the dorsal lip, the site of initial gastrulation showed that injection of this XDpr-targeted morpholino into fertilized Xenopus eggs leads to activation of the movements that coincides with the Spemann organizer nist, and suggests that Dpr functions at or above the Oocytes were then injected with the XDpr oligo, the level of ␤-catenin. Finally, we show that Dpr, unlike Nkd host-transfer technique was performed, and the phenoor Stbm, inhibits JNK signaling through Dsh. We contypes of embryos were scored at tadpole stage. Emclude that Dpr represents an inhibitory modulator of bryos injected with the XDpr oligo displayed acephaly Dsh activity in both the ␤-catenin and JNK signaling or microcephaly ( Figure 8B, middle panel, and quantified cascades. in Figure 7C ). Uninjected and control oligo-injected ooOur data are consistent with a model in which Dpr cytes (not shown) were normal ( Figures 8B and 8C) .
TOPFLASH via an HMG box transcription factor-depen-␤-catenin-responsive genes
binds to Dsh and stabilizes the ␤-catenin degradation Embryos were then sectioned to further characterize complex. This promotes phosphorylation-dependent their abnormal phenotype. Loss-of-function embryos degradation of soluble ␤-catenin and thereby inhibits had severely reduced and/or displaced notochords, rethe transcriptional activation of downstream ␤-cateninduced/malformed neural tubes, and overspecification dependent target genes. Dpr additionally acts as a genof the lateral mesoderm (n ϭ 10; eight with no notochord, eral Dsh signaling inhibitor, perhaps by decreasing the and two with mislocalized or reduced notochord; Figure availability of Dsh to interact with molecules that direct 8E, panels a, d, and g). Whole-mount Tor-70 staining downstream signaling through either the ␤-catenin pathconfirmed that many of the embryos lack a notochord way (e.g., GBP and ␤-arrestin) or the PCP pathway (e.g., altogether ( Figure 8F, right panel) . In order to test the Stbm, Nkd, and Daam1). specificity of this phenotype, synthetic XDpr RNA was injected into oocytes 1 day following depletion of the endogenous XDpr and processed as above. We could
Interactions between Dpr and Dsh
We have demonstrated that the residues making up the significantly rescue the normal notochord phenotype lost by XDpr depletion ( Figure 8D Figure 8E, panels c, f, and i) . we cannot discount a potential contribution from its role as an inhibitor of JNK activity. Both levels of oligo demonstrate significant Total RNA for cDNA synthesis was prepared using the RNeasy Total RNA System Mini kit (Qiagen).
In Vivo Coimmunoprecipitations
depletion.
